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INTRODUCTION 

Various techniques (1, L, 3)' have been developed f o r  t he  convers ion of  
o i l - s h a l e  kerogen t o  usable products. Each technique o f  convers ion produces a 
d i f f e r e n t  product  w i t h  d i f f e r e n t  c h a r a c t e r i s t i c s .  The thermal degradat ion of 
o i l - s h a l e  kerogen i n  the  presence o f  carbon monoxide and water  has been s tud ied  
a t  the Laramie Energy Research Center (i, 5). 
t h a t  more kerogen i s  conver ted to  a benzene-methanol s o l u b l e  e x t r a c t  a t  
temperatures below 500" C than i s  conver ted t o  o i l  by d r y  r e t o r t i n g .  Because 
t h i s  reac t i on  appears t o  have some p o t e n t i a l  advantages (5) over o t h e r  con- 
ve rs ion  methods, i t  i s  d e s i r a b l e  t o  i n v e s t i g a t e  t h e  so lub le  e x t r a c t s  ob ta ined  
from t h i s  reac t i on .  

I t  was shown from t h i s  study 

This s tudy was conducted t o  determine t h e  types o f  compounds present  i n  
t h e  so lub le  e x t r a c t s  t h a t  represent  as much as 90 percent  o f  t he  kerogen i n  
Green River  o i l  shale. Th is  was accomplished by separat ing the  s o l u b l e  ex- 
t r a c t s  i n t o  ac id ,  base, n e u t r a l  n i t r o g e n ,  n-alkane, branched p l u s  c y c l i c ,  
aromatic, and cyc lohexane- insolub le f r a c t i o n s  by t h e  es tab l i shed  method. The 
method was used t o  compare t h e  amount o f  each f r a c t i o n  produced under va r ious  
r e a c t i o n  c o n d i t i o n s  where t h e  temperature was v a r i e d  from 300" t o  450' C and 
t h e  t ime was v a r i e d  from 0.25 t o  6 hours a t  charged C O  pressure o f  1,000 ps ig .  

Because most o f  t he  e x t r a c t s  showed ve ry  l i t t l e  s o l u b i l i t y  i n  n-pentane, 
the prev ious separat ion method used f o r  t h e  n a t u r a l  bitumen i n  t h i s  l abo ra to ry  
(6 - 8) was n o t  a p p l i c a b l e  and another  technique had t o  be used. The mod i f i ed  
method incorporated the  uses o f  i o n  exchange r e s i n s  f i r s t  suggested by Munday 
and Eaves (2) and some o f  t h e  techniques developed by Jewel1 (E) t o  remove the  
ac id ,  base, and n e u t r a l  n i t r o g e n  f r a c t i o n s .  The hydrocarbon f r a c t i o n s  were 
separated i n t o  n-alkane, branched p l u s  c y c l i c  alkane, and aromat ic  f r a c t i o n s  by 
us ing  molecular  s ieves as descr ibed by O'Connor and o the rs  (E) and s i l i c a - g e l  
chromatography. 

The s o l u b l e  e x t r a c t s  obta ined from each o f  t h e  t ime-temperature t e s t s  were 
f r a c t i o n a t e d  by t h e  separa t i on  techniques. Because o f  t h e  s i m i l a r i t y  o f  t h e  
data, on l y  a l i m i t e d  number of  these separat ions w i l l  be discussed i n  t h i s  
repor t .  For eva lua t i on  and comparison o f  t he  so lub le  e x t r a c t s  ob ta ined  by 
thermal degradat ion o f  kerogen i n  the  presence o f  CO and H20 w i t h  o t h e r  o i l -  
shale degradat ion products ,  t h r e e  shale o i l s  (I-, 2, l) obta ined by d i f f e r e n t  
conversion methods were f r a c t i o n a t e d  by t h e  same separa t i on  technique. 
component d i s t r i b u t i o n  o f  t he  s o l u b l e  e x t r a c t s  w i l l  be discussed r e l a t i v e  t o  t h e  
shale o i l s .  

The 

I Under l ined numbers i n  parentheses r e f e r  t o  i tems i n  the  l i s t  o f  re ferences a t  
t he  end o f  t h i s  r e p o r t  
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I t  was found t h a t  below 375" C t h e  f r a c t i o n  amounts 'bf t h e  so lub le  e x t r a c t s  
were s i g n i f i c a n t l y  d i f f e r e n t  from those obta ined f rom the th ree  shale o i l s  and 
t h a t  t h e  temperature or t h e  t ime  o f  r e a c t i o n  had l i t t l e  e f f e c t  upon the amount 
o f  each f r a c t i o n .  A t  400" and 450" C ,  t h e  f r a c t i o n  amounts o f  t he  so lub le  
e x t r a c t s  changed w i t h  increase i n  temperature and a t  450" C t h e  s o l u b l e  e x t r a c t s  
resembled t o  some degree t h e  shale o i l s .  

EXPERIMENTAL 

Mate r ia  1 s 

IRA-904 an ion  r e s i n 2 ,  A - 1 5  c a t i o n  r e s i n  (Rohm and Haas Company) and f e r r i c  
c h l o r i d e  supported on c lay  were prepared and e x t r a c t e d  s i m i l a r  t o  t h e  procedures 
described by Jewel1 (2). 

S i l i c a  ge l  (grade 12, 28-200 mesh, Davison Chemical Co.) was a c t i v a t e d  a t  
200" C f o r  24 hours and 5A molecular  s ieve (Matheson, Coleman, and B e l l )  was 
a c t i v a t e d  a t  250' C f o r  24 hours. 

N-pentane (99 percent ,  Phi 1 1  i ps  Petroleum) and 1,2 d ich loroethane (reagent 
grade, Eastman Chemical Co.) were p u r i f i e d  by f l a s h  d i s t i l l a t i o n  and by perco- 
l a t i o n  through a c t i v a t e d  s i l i c a  ge l .  Benzene, ch loroform,  methanol (reagent 
grade, J. T. Baker) ,  and cyclohexane (99.5 percent ,  P h i l l i p s  Petroleum) were 
f l a s h  d i s t i l l e d .  The isopropylamine (reagent grade, J. T. Baker) and a c e t i c  
a c i d  (reagent grade, Eastman Chemical Co.) were used as received. Isooctane 
(99 percent, P h i l l i p s  Petroleum) was p u r i f i e d  by p e r c o l a t i o n  through an ac- 
t i v a t e d  5 A  molecular  sieve. 

Samples o f  Solub le E x t r a c t s  

The s o l u b l e  e x t r a c t s  were obta ined f rom t h e  thermal convers ion o f  Green 
River o i l - s h a l e  kerogen i n  the presence o f  carbon monoxide and water  as described 
by Cumins,  e t  a l .  (4 ) .  The o i l - s h a l e  samples were heated a t  temperatures from 
300" to  450" C f o r  07125 t o  6 hours a t  charged C O  pressure o f  1,000 ps ig.  
so lub le  e x t r a c t s  were obta ined by t r e a t i n g  t h e  products  o f  t h e  CO-H20 r e a c t i o n  
i n  benzene and methanol. 

The 

F r a c t i o n a t  ion Procedure 

The f r a c t i o n a t i o n  scheme i s  shown i n  d e t a i l  i n  f i g u r e  1 and i s  e s s e n t i a l l y  
t he  same a s  t h e  one used by D .  M. Jewe l l ,  e t  a l .  (IO). Since the  s o l u b l e  ex t rac ts  
obta ined from CO-H20 r e a c t i o n  w i t h  kerogen were genera l l y  p o l a r ,  i t  was necessary 
t o  use cyclohexane r a t h e r  than n-pentane as a so l ven t  and t o  use a c i r c u l a t i n g  
system f o r  a l l  a c i d  and base f r a c t i o n s  t o  be removed from the e x t r a c t s  by IRA- 
904 anion r e s i n  and A-15 c a t i o n  res in .  The s o l u t i o n  con ta in ing  t h e  a c i d  and 
base components t o  be removed was c i r c u l a t e d  cont inuously  over the  r e s i n  bed 
f o r  2 4  hours by a pumping system. 
t i ons  from the r e s i n s  were obtained. 
t o  separate t h e  a c i d  and base-free f r a c t i o n  i n t o  hydrocarbon and n e u t r a l  n i t rogen  
f rac t i ons .  The hydrocarbon f r a c t i o n  was then separated i n t o  n-alkane, branched 
p lus  c y c l i c  a lkane,  and aromat ic  f r a c t i o n s  by us ing  s i l i c a - g e l  chromatography and 
mol ecu I a r  s ieves. 

E x c e l l e n t  recove r ies  of  a c i d  and base f r a c -  
F e r r i c  ch lo r i de -A t tapu lgus  c l a y  was used 

Reference t o  s p e c i f i c  t rade  names o r  manufacturers does no t  imply endorsement 
by t h e  Energy Research and Development Admin i s t ra t i on .  
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A l l  f r a c t i o n s  obta ined were f reed  o f  so l ven t  and then d r i e d  under reduced 
pressure a t  60" C and weighed. By u s i n g  the va r ious  f r a c t i o n a t i o n  techniques 
t h e  average recovery of t h e  s o l u b l e  e x t r a c t  amounted t o  m r e  than 90 percen t .  
A l l  data shown was normalized to 100 percent .  

Cyclohexane-insoluble f r a c t i o n  

Approximately 2 g o f  t he  benzene-methanol s o l u b l e  e x t r a c t  was heated and 
s t i r r e d  w i t h  200 m l  o f  cyclohexane a t  80" C f o r  1 hour. A f t e r  c o o l i n g  t o  room 
temperature, t he  m ix tu re  was f i l t e r e d .  The cyc lohexane- insolub le f r a c t i o n  was 
washed w i t h  f r e s h  cyclohexane u n t i l  t he  so l ven t  became c l e a r .  

Ac id f r a c t i o n  

The cyclohexane-soluble f r a c t i o n  was red i sso l ved  i n  cyclohexane and Slowly 

The a c i d - f r e e  f r a c t i o n  was t r a n s f e r r e d  t o  a f l a s k  and 
pumped through t h e  anion r e s i n  f o r  24 hours. 
p a r t  o f  sample was used. 
the  r e s i n  was washed w i t h  f r e s h  cyclohexane. 

A r a t i o  o f  7 p a r t s  o f  r e s i n  t o  1 

The t o t a l  a c i d  f r a c t i o n  was recovered from t h e  r e s i n  by 2 percent  o f  
a c e t i c  a c i d  i n  benzene w i t h  Soxhlet  e x t r a c t i o n  f o r  24 hours. 

Base f r a c t i o n  

The technique and t h e  amount of r e s i n  used t o  remove t h e  base f r a c t i o n  
from the a c i d - f r e e  f r a c t i o n  were t h e  same as f o r  t h e  removal o f  t h e  a c i d  
f r a c t i o n .  The base f r a c t i o n  was recovered from A - 1 5  c a t i o n  r e s i n  by 8 percent  
isopropylamine i n  benzene and methanol w i t h  Soxhlet  e x t r a c t i o n  f o r  24 hours. 

Neutra l  n i t r o g e n  and hydrocarbon f r a c t i o n s  

F ive p a r t s  o f  IRA-904 anion r e s i n  t o  1 p a r t  sample were packed i n t o  a 
column and 7 p a r t s  o f  f e r r i c  ch lo r i de -A t tapu lgus  c l a y  m i x t u r e  t o  1 p a r t  sample 
were packed on t h e  top  o f  t he  r e s i n  w i t h  a g lass  wool p lug  i n  between t h e  two 
mate r ia l s .  The ac id -  and base- f ree f r a c t i o n  was d i sso l ved  i n  pentane and then 
perco lated s low ly  downward through t h e  column. The hydrocarbon f r a c t i o n  was 
obta ined by pentane e l u t i o n  and the  n e u t r a l  n i t r o g e n  f r a c t i o n  was desorbed from 
the  column by e l u t i o n  w i t h  1,2 d ich loroethane.  

Alkane and aromat ic  f r a c t i o n s  

Two hundred g o f  a c t i v a t e d  s i l i c a  ge l  t o  1 g o f  hydrocarbon f r a c t i o n  were 
packed i n t o  a column and the  hydrocarbon f r a c t i o n  d i sso l ved  i n  pentane was 
charged t o  the  column. 
Chloroform was used t o  d e a c t i v a t e  t h e  column and t h e  aromat ic  f r a c t i o n  was 
removed by e l u t i o n  w i t h  methanol. 

Branched p l u s  c y c l i c  a lkane and n-a lkane f r a c t i o n s  

The a lkane f r a c t i o n  was obta ined by e l u t i o n  w i t h  pentane. 

The alkane f r a c t i o n  obta ined f rom t h e  s i l i c a - g e l  column was d i s s o l v e d  i n  
isooctane (I00 ml f o r  0.2 g o f  sample) and 20 p a r t s  of  5A molecular  s ieves t o  1 
p a r t  sample were added t o  the  s o l u t i o n .  The s o l u t i o n  was r e f l u x e d  f o r  24 hours 
then f i l t e r e d .  The branched p l u s  c y c l i c  alkane f r a c t i o n  was ob ta ined  by d r y i n g  
t h e  f i l t r a t e  o f  t h i s  s o l u t i o n .  
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The molecular  s ieves  were e x t r a c t e d  w i t h  benzene and methanol f o r  24 hours 
i n  order  t o  remove any t races  o f  p o l a r  m a t e r i a l s .  
recovered from t h e  mo lecu la r  sieves by decomposing the  s ieves w i t h  HF i n  ben- 
zene. 
obtained. 

The n-a lkane f r a c t i o n  was 

Gas chromatograms o f  t h e  n-a lkane f r a c t i o n s  o f  t h e  se lected samples were 

Gas Chromatography 

A l l  gas chromatographic r e s u l t s  were obta ined on a Hewlett-Packard Model 
700 gas chromatograph equipped w i t h  a the rmoconduc t i v i t y  de tec to r  us ing  a 50 f t  
SE-30 SCOT column programmed from 100' t o  275" C a t  SO/min w i t h  a he l i um f l o w  
o f  5 cdmin .  

RESULTS AND D I S C U S S I O N  

The weight  pe rcen ts  o f  kerogen conver ted and t h e  elemental analyses of the 
so lub le  e x t r a c t s  f o r  1 hour r e a c t i o n  t ime a t  v a r i o u s  temperatures a r e  shown i n  
t a b l e  1 .  From these da ta  i t  appears t h a t  t h e  s o l u b l e  e x t r a c t s  prepared a t  

TABLE 1 .  - Weight percent  o f  kerogen conver ted and elemental analyses 
of t h e  s o l u b l e  e x t r a c t s  

Time, Kerogen converted, Weight-percent o f  t o t a l  I H/C 
Temp., " C  h r s  weight -percent  C H N S d r a t i o  

300 I 26.2 83.4 10.8 1 .3  0.7 3.8 1.6 
82.6 1 1 . 0  1.3 0.9 4.2 1.6 325 1 29.9 
81.1 10.9 1 . 2  0.5 6.3 1.6 350 1 31.3 

375 1 46.8 83.6 1 1 . 3  1.5 0.5 3 . 1  1.6 
400 1 76.9 82.1 1 1 . 1  1.7 0.3 4.8 1.6 

I 93.9 83.3 1 1 . 5  1.4 0.4 3.4 1.7 
425 450 I 97.9 83.4 10.5 2.7 0.5 2.9 1 .5  

1 Oxygen was determined by d i f f e r e n c e .  

d i f f e r e n t  temperatures do n o t  d i f f e r  s i g n i f i c a n t l y  i n  elemental contents .  The 
weight  percent  o f  kerogen conver ted v a r i e d  from 26.2 t o  97.9 as temperatures 
increased from 300" t o  450" C. 

E f f e c t  o f  temperature 

Seven s o l u b l e  e x t r a c t s  ob ta ined  a t  300", 325", 350", 375" ,  400", 425", and 
450" C f o r  1 hour r e a c t i o n  t ime  were f r a c t i o n a t e d  t o  determine t h e  e f f e c t  o f  
r e a c t i o n  temperature upon t h e  composi t ion of each e x t r a c t .  
shown in  f i g u r e  2. Below 375" C t h e  composit ions o f  each e x t r a c t  remain f a i r l y  
constant. Apparen t l y  t h e  a c i d  and the  base f r a c t i o n s  a r e  f a i r l y  s t a b l e  a t  t h i s  
temperature range and do  no t  undergo d r a s t i c  changes. The p o l a r  m a t e r i a l s  
which a r e  the  sum o f  a c i d ,  base, and n e u t r a l  n i t r o g e n  f r a c t i o n s  represent  about 
65 percent  o f  t h e  s o l u b l e  e x t r a c t .  
f r a c t i o n s  decrease r a p i d l y  whereas t h e  r e l a t i v e  amounts o f  base and hydrocarbon 
f r a c t i o n s  increase. 
groups that. presumably decarboxy late t o  g i ve  a d d i t i o n a l  bases and hydrocarbons a t  
h ighe r  temperatures. 
about I t o  2 percent  and apparen t l y  a r e  no t  a f f e c t e d  by temperature. 

These r e s u l t s  a r e  

Above 375" C ,  t h e  r e l a t i v e  amounts o f  a c i d  

Th is  suggests t h a t  t he  a c i d  f r a c t i o n s  cons is t  o f  b i f u n c t i o n a l  

The concen t ra t i ons  of  n e u t r a l  n i t r o g e n  f r a c t i o n s  remain 
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F igu re  3 shows the  d i s t r i b u t i o n  o f  t h e  n-alkane, t h e  branched p l u s  c y c l i c  
alkane, and the  aromat ic  f r a c t i o n s .  The increase i n  concen t ra t i on  i n  each f r a c -  
t i o n  shows tha t  more thermal degradat ion o f  &he h igher-molecular -weight  kerogen 
t o  the  lower-molecular-weight hydrocarbons occurs a t  h i g h  temperatures. 
r e l a t i v e  d i s t r i b u t i o n  o f  the va r ious  hydrocarbon components remains f a i r l y  
constant  showing t h a t  they a re  formed a t  approx imate ly  t h e  same ra te .  

The 

Ef fect  o f  r e a c t i o n  t ime  

The r e l a t i o n s h i p  o f  f r a c t i o n  amounts o f  t he  so lub le  e x t r a c t s  t o  r e a c t i o n  
t ime  a t  300" C i s  shown i n  f i g u r e  4. I t  i s  obvious t h a t  the component d i s t r i -  
b u t i o n  does no t  change apprec iab l y  w i t h  t ime  o f  hea t ing  a t  300" C and t h e  amount 
o f  each f r a c t i o n  i s  independent o f  t he  t ime o f  heat ing.  

The f r a c t i o n  amounts o f  t h e  s o l u b l e  e x t r a c t s  prepared a t  450" C shown i n  
f i g u r e  5 a r e  almost t ime independent. Th i s  f i g u r e  i s  broken i n t o  two sec t i ons  
f o r  c l a r i t y .  There i s  a s l i g h t  decrease o f  cyc lohexane- insolub le f r a c t i o n s  and 
a s l i g h t  increase o f  hydrocarbon f r a c t i o n s .  Th is  i s  probably  due t o  t h e  f a c t  
t h a t  as the  r e a c t i o n  t ime  increases a t  450" C ,  t he  cyc lohexane- insolub le f r a c -  
t i o n s ,  presumably w i t h  h igh-molecular -weight ,  s t a r t  t o  degrade t o  hydrocarbons. 
These changes a r e  n o t  d r a s t i c .  I t  can be observed t h a t  t he  r e l a t i v e  amounts o f  
t h e  f r a c t i o n s  of t h e  so lub le  e x t r a c t s  a re  no t  a f f e c t e d  s i g n i f i c a n t l y  by r e a c t i o n  
t ime  a t  450" C. 

Comparison w i t h  shale o i l s  

Because the re  i s  some i n d i c a t i o n  t h a t  t he  CO-H 0 r e a c t i o n  w i t h  o i l  shale 2 may have some advantages as a process r e a c t i o n  over  o t h e r  methods o f  thermal 
degradat ion,  i t  i s  d e s i r a b l e  t o  compare t h e  s o l u b l e . e x t r a c t s  ob ta ined  by t h e  C O -  
H O r e a c t i o n  w i t h  sha le  o i l s .  This comparison i s  shown i n  t a b l e  2. The so lub le  2 

TABLE 2 .  - Comparison between t h e  s o l u b l e  e x t r a c t s  from CO-H,O 
r e a c t i o n  and shale o i l s  

Weight-percent o f  t o t a l  
Sample Neut r a  I Cyc 1 ohexane- 

n i t r o g e n  i nsol ub I e 
Acid f r a c t i o n s  Base f r a c t i o n s  f r a c t i o n s  Hydrocarbons f r a c t i o n s  

Soluble e x t r a c t  

Solub le e x t r a c t  
a t  375" C I  50.3 12.6 1.5 17.7 17.9 

So lub le  e x t r a c t  
a t  450" C 1  24.5 23.2 1.3 38.4 12.6 

I n  s i t u  shale 
o i l  (Rock 
Springs) 16.9 14.4 0.7 58.4 . 9.6 

Gas combustion 
shale o i l  19.9 26.3 2.1 44.6 7.1 

150-ton r e t o r t  

a t  300" C '  54.4 12.6 1.4 18.8 12.8 

shale o i l  13.5 20.5 - 2 . 1  55.7 8.2 
A t  1 h r  r e a c t i o n  t ime.  
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e x t r a c t s  from t h e  300" t o  375" C t e s t s  were very  p o l a r  and conta ined only about 
20 percent hydrocarbons. 
carbons were produced, presumably because o f  more thermal c rack ing .  
t h e  hydrocarbon f r a c t i o n s  represented 38.4 percent  o f  the  t o t a l  e x t r a c t  which 
approximated t h e  amount o f  hydrocarbons i n  t h e  t h r e e  shale o i l s  chosen f o r  t h i s  
comparison. In genera l ,  t h e  t h r e e  shale o i l s  ( i n  s i t u  shale o i l  from S i t e  4, 
Rock Springs; gas combustion sha le  o i l ,  and 150-ton r e t o r t  sha le  o i l )  a r e  less  
p o l a r  and c o n t a i n  r w r e  hydrocarbons than the  s o l u b l e  e x t r a c t s  from t h e  300" t o  
375" C ,  CO-H 0 r e a c t i o n  o f  kerogen. Th is  suggests t h a t  the l a t t e r  products 
have been sug jec ted  t o  less  thermal c r a c k i n g  and less  d e s t r u c t i v e  degradat ion.  
The s o l u b l e  e x t r a c t  ob ta ined  a t  450" C con ta ins  h igher  percentage o f  hydrocar-  
bon f r a c t i o n s  somewhat s i m i l a r  t o  the gas combustion shale o i l  and should be a 
s u i t a b l e  feedstock for  f u r t h e r  hydrocracking techniques. 

D i s t r i b u t i o n  o f  n-alkane f r a c t i o n s  o f  the e x t r a c t s  and n a t u r a l  bitumen 

As the temperature increased above 375" C ,  more hydro- 
A t  450" C 

The carbon-number d i s t r i b u t i o n  o f  the  n-alkanes i s  a good i n d i c a t o r  o f  the 
thermal h i s t o r y  o f  t h e  organ ic  m a t e r i a l  i n  Green R iver  o i l  shale.  The n a t u r a l  
bitumen and low-temperature thermal degradat ion  products show odd-even predom- 
inance (OEP) (12) of t h e  carbon numbers i n  t h e  C t o  C range. Extensive 
thermal degradat ion  causes a rearrangement o f  ca?Zon nu ibers  w i t h  a d r a s t i c  
decrease i n  t h e  odd-even predominance f o r  the  n-alkanes. 

F igure  6 shows t h e  n-a lkane d i s t r i b u t i o n  of the  s o l u b l e  e x t r a c t s  obtained 
a t  300", 350", 400", and 450" C for I hour r e a c t i o n  t ime and the n-a lkane 
d i s t r i b u t i o n  o f  t h e  benzene-soluble bitumen from a Mahogany zone o i l - s h a l e  
sample (Q). The change i n  d i s t r i b u t i o n  f rom 300" t o  450" C i n d i c a t e s  t h a t  
temperature has a s t r o n g  e f f e c t  on the  carbon-number d i s t r i b u t i o n  o f  n-alkanes. 
A t  300" C the n-a lkane d i s t r i b u t i o n  appears t o  be more l i k e  t h a t  o f  n a t u r a l  
bitumen where t h e  OEP o f  the  carbon number reaches f o u r  i n  t h e  C t o  C 
area. The n-alkane d i s t r i b u t i o n  ob ta ined a t  300" C may be p a r t l y  accoud!ed f o r  
by the presence o f  t h e  n a t u r a l  bitumen i n  the  raw o i l - s h a l e  samples used for 
t h e  t e s t s .  
shaped which i s  t h e  t y p i c a l  d i s t r i b u t i o n  f o r  thermal ly  degraded produc ts .  The 
OEP i s  about one i n d i c a t i n g  t h a t  t h e r e  i s  l i t t l e  o r  no odd-even predominance. 
Th is  shows t h a t  the s o l u b l e  e x t r a c t s  prepared a t  300" and 350" C f o r  I hour 
have n o t  been sub jec ted  t o  d r a s t i c  thermal a l t e r a t i o n  and should be s u i t a b l e  
products f o r  c o n s t i t u t i o n a l  study. 
s t r u c t u r e s  present  i n  t h e  o r i g i n a l  kerogen. 
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A t  450" C the  d i s t r i b u t i o n  o f  n-alkanes becomes more envelope 

Undoubtedly they conta in  many o f  t h e  basic 

CONCLUSION 

High recover ies  o f  the  v a r i o u s  f r a c t i o n s  show t h a t  t h i s  mod i f ied  separat ion 
method works w e l l  w i t h  the  high-molecular-weight and p o l a r  e x t r a c t s  f rom the 
CO-H 0 r e a c t i o n  o f  kerogen. The n-alkane d i s t r i b u t i o n  o f  t h e  s o l u b l e  e x t r a c t s  
prepared below 350" C shows t h a t  the  s o l u b l e  e x t r a c t s  have n o t  been sub jec ted  
t o  d r a s t i c  thermal degradat ion  and w i l l  be s u i t a b l e  samples f o r  composi t ional  
study. As temperature increases above 375" C ,  the  r e l a t i v e  amounts o f  a c i d  
f r a c t i o n s  decrease bu t  the  base and hydrocarbon f r a c t i o n s  increase. Th is  
ind ica tes  t h a t  t h e  increases i n  the  amounts o f  base and hydrocarbon f r a c t i o n s  
r e s u l t  from decomposi t ion o f  t h e  a c i d . f r a c t i o n  above 375" C. The r e a c t i o n  time 
has no e f f e c t  on t h e  r e l a t i v e  amount o f  each f r a c t i o n  a t  constant temperature 
from 300" t o  450" C f o r  0.25 to  6 h rs ,  w i t h  t h e  except ion  o f  hydrocarbons a t  
t h e  h ighes t  temperatures where a minor increase i n  amount i s  noted. 
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Increase i n  temperature o f  t h e  CO-H20 r e a c t i o n  from 300" t o  450" C r e s u l t s  
As temperature o f  t h e  CO- i n  a change o f  t he  r e l a t i v e  amount o f  each f r a c t i o n .  

H O r e a c t i o n  i s  increased t o  450" C ,  t h e  so lub le  e x t r a c t  obta ined becomes more 
l i k e  a shale o i l  and should be a s u i t a b l e  feedstock f o r  f u r t h e r  hydrocrack ing,  
techniques. 
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